P
revious studies have evaluated blood donor adverse effects (AEs) based on observation during the blood donation and blood donor selfreports after the blood donation. Vasovagal reactions, especially with syncope, have been the main focus of blood donor safety studies, [1] [2] [3] [4] [5] but donor arm injuries, 4, 6, 7 traumatic injuries, 1, 4, 8 and non-vasovagalrelated systemic reactions have also been documented. 1 None of these studies actively solicited information from blood donors and, therefore, the findings are limited and not comprehensive. The present study interviewed 1000 whole-blood donors 3 weeks after the blood donation to determine what systemic reactions and arm injuries occurred.
MATERIALS AND METHODS

Blood donor suitability and phlebotomy
Blood donors met acceptability criteria before being subjected to phlebotomy. These criteria included being at least 17 years of age, weighing at least 110 pounds (50 kg), and being in good general health with no evidence of significant infections. A 40-question questionnaire, vital signs, and a Hb-screening test eliminated approximately 14 percent of the potential blood donors. The phlebotomy was performed in the antecubital fossa area of the arm with a 16-gauge needle while the donor laid in a supine position. The blood volume collected generally did not exceed 535 mL, which included 35 mL in blood tubes for postdonation blood tests. The blood donor stayed on the phlebotomy table until feeling well enough to go to the refreshment site and was advised to stay in the refreshment site for at least 10 minutes. Donors were also given written advice relative to postdonation complications and the blood center's telephone number.
Postdonation interview
Three premedical students and a volunteer interviewed whole-blood donors from randomly selected blood drives approximately 3 weeks after the blood donation for AEs. Ninety-seven percent of the donors interviewed donated allogeneic whole blood, and less than 3 percent donated autologous or directed whole blood. After explaining the study and gaining donor approval to be in the study, blood donors were asked two open-ended questions: "Did you have any general symptoms during or after your blood donation?" and "Did you have any arm problems after your blood donation?" Each open-ended question was followed with specific questions targeted at each potential AE. The following questions were asked for general symptoms: "Did you develop fatigue after the blood donation? Did you develop vasovagal symptoms (list of symptoms provided)? and Did you develop nausea or vomiting (unrelated to anything else)?" Fatigue was based on self-perception. The following questions were asked for arm problems: "Did you develop a bruise? Did you develop a hematoma? Did you develop pain or tenderness at the venipuncture site? and Did you develop sensory changes (explanation provided)?" By definition, a bruise consisted of color changes in skin and was flat, while a hematoma consisted of a raised collection of blood under the skin. Answers were documented on the back of the blood donor record. None of the AEs detected were sufficiently significant to require a medical referral.
Data collection and analysis
The blood donor's whole-blood number, date of collection, birth date, sex, self-reported weight, blood donation status (first-time vs. repeat blood donor), race, and any AEs were entered into a spreadsheet computer program (Excel 1997, Microsoft Corporation, Seattle, WA). The donors were divided into subgroups based on sex, blood donation status, race, age, and weight. All blood donor weights were rounded to the nearest 5 pounds. All blood donors and subgroups were analyzed for the incidence of AEs. In addition, two types of blood collection needles (needle for Leukotrap RC-PL system [Pall Corporation, East Hills, NY] vs. Baxter needle [CPDA-1, Adsol-500 mL, Adsol 450 mL; Baxter Healthcare Corporation, Deerfield, IL]), were evaluated and compared for AEs. The collection staff felt that Needle A (manufacturer purposely not identified) was sharper, easier to set in place, and caused less acute pain for the donors.
Statistical analysis
For comparisons, two-by-two contingency tables, with a two-tailed chi-square Fisher exact test, were used to determine significance at p < 0.05.
RESULTS
Demographics of the general donor population, surveyed donors, and surveyed donor subgroups Table 1 provides a comparison between the general donor population in 2001 (n = 211,900) and the 1000 donors who were surveyed. The two populations were very similar with a high predominance of Caucasian blood donors, similar median ages, similar numbers of donors under 30 years old, and similar numbers of first-time donors. The surveyed population, however, had more women than the general donor population (55.3% vs. 45.4%), which might relate to women having greater access to a telephone during the day. Table 1 also shows the comparisons of donors who were divided into subgroups by sex, donation status (first-time or repeat), and race. Male blood donors weighed 40 pounds more than female blood donors and had a lower percentage of donors who weighed less than 
Interviewer variation
AEs in the surveyed donors
Total surveyed donors. Table 3 shows the adverse systemic reactions and donor arm injuries in surveyed donors and subgroups. The most common arm findings were bruise (22.7%), arm soreness (10.0%), and hematoma (1.7%). Sensory changes such as burning pain, numbness, and tingling occurred in 0.9 percent of the blood donors. The most common systemic findings were fatigue (7.8%), vasovagal symptoms (5.3%), and nausea and vomiting (1.1%).
Subgroups. Male blood donors had a much better experience than female blood donors (23% AE vs. 48% AE, p < 0.0001). Most of this difference was due to the lower bruise rate in men (13% AE vs. 31% AE, p < 0.0001), but men also had fewer hematomas and less arm soreness. They also had fewer systemic reactions, with a lower percentage of fatigue, vasovagal reactions, and nausea and vomiting. Repeat blood donors had fewer AEs than firsttime blood donors (36% AE vs. 47% AE, p < 0.007). They had less arm soreness and fewer systemic AEs, with a lower percentage of fatigue, vasovagal reactions, and nausea and vomiting. African-American blood donors had numbers of AEs similar to those of Caucasian blood donors (31% AE vs. 38% AE, p = 0.30) but showed a strong trend (p < 0.06) toward less bruising. The AfricanAmerican population had a considerably higher percentage of women and first-time donors than the Caucasian population, and both of these factors increase AEs. Therefore, women and repeat female blood donors within the African-American and Caucasian groups were analyzed to make the two groups more comparable. Table 4 shows that African-American women and repeat African-American female blood donors both had less bruising than their Caucasian female counterparts. Figure 1A shows the effects of age on AEs. Vasovagal reactions were increased in donors who were less than 30 years old (vs. Ն 30 years old, p < 0.002), and arm soreness was increased in donors who were less than 20 years old (vs. Ն 20 years old, p < 0.02). Because the population was diverse with differences between men and women and first-time and repeat blood donors, repeat female blood donors were evaluated as a more homogeneous population. There were no changes in vasovagal reactions or arm soreness with increasing age in repeat female blood donors. Figure 1B shows the effects of weight on AEs. Total AEs (p < 0.0001), bruise (p < 0.003), arm soreness (p < 0.0002), vasovagal reactions (p < 0.0001), and fatigue (p < 0.0001) were more common in donors who weighed 150 lb. or less (vs. Ն 155 lb.), and nausea and vomiting was more common in donors who weighed 130 lb. or less (vs. Ն 135 lb., p < 0.0005). The population studied was diverse, particularly with respect to the percentage of women in the different weight groups. Therefore, repeat female blood donors were evaluated. In repeat female blood donors, fatigue was the only factor that was more common in donors who weighed 150 lb. or less (vs. Ն 155 lb., p < 0.0002). 
Comparison of two different needle systems
One of the needles caused less total AEs (26.4% AE vs. 34.6%, p < 0.01). However, the population on which this needle was used had favorable demographic factors such as smaller percentage of women (51.8% vs. 61.2%) and fewer first-time donors (14.3% vs. 21.7%). Therefore, the needles were evaluated in repeat female blood donors to eliminate or minimize these factors. Both needles caused equivalent total AEs (36.6% AE vs. 37.3% AE), bruises (30.8% AE vs. 28.7% AE), and sore arms (11.2% AE vs. 10.7% AE) in repeat female blood donors. Table 5 shows the incidence of AEs based on solicitation of information versus staff observation and donor selfreports. Vasovagal reactions, sensory changes, and hematomas were underreported by 60 to 98 percent.
AEs: solicited versus reported rates
DISCUSSION
This report describes blood donor AEs based on solicited information. The data show that a bruise is very common (23%). Arm soreness, fatigue, and vasovagal reactions are less common, being in the 5 to 10 percent range; and hematoma, nausea and vomiting, and sensory changes are uncommon, being in the 0.9 to 2 percent range. It was a surprise to find that almost 1 percent of donors develop a sensory change in the arm after blood donation. There were significant differences between subgroups. Women had twice as many AEs as men (48.0% AE vs. 23.3% AE, p < 0.0001). This was mainly due to significant differences in bruising (30.6% AE vs. 13.2% AE), but women also had more systemic problems, which probably relates to their smaller size and higher percentage of first-time donors. 2, 4, 5 Repeat blood donors are a selected population. In comparison to first-time blood donors, they are considerably older (43 vs. 22 years), weigh considerably more (175 vs. 145 lb.), and have successfully completed a blood donation. These factors are known to be associated with fewer vasovagal reactions. 2, 4, 5, 9 Repeat blood donors had fewer AEs, with less fatigue (6.6% AE vs. 14.5% AE, p < 0.004), fewer vasovagal reactions (3.8% AE vs. 10.8% AE, p < 0.0002), and less arm soreness (9.1% AE vs. 14.5% AE, p < 0.05). African-American women had a lower bruise rate than Caucasian women.
Vasovagal reactions were increased in donors who were less than 30 years old, but this effect disappeared when repeat female blood donors were evaluated. Bruise, arm soreness, vasovagal reactions, and fatigue were increased in donors who weighed less than 150 pounds, and nausea and vomiting were increased in donors who weighed less than 130 pounds. The high bruise and arm soreness rate in low-weight donors probably relates to the very high percentage of women in the lower-weight groups (see Fig. 1B ). All of these weight-related AEs disappeared in repeat female donors, except for fatigue. One would expect that the vasovagal reaction rate would be increased in young and low-weight, repeat female blood donors but it was not. A very recent study showed that that repeat blood donation was a good predictor against vasovagal reactions in high school students. 9 It may be that those who do not do well do not return. Cable and coworkers 10 provided some support for this concept when his group showed that donors who had a syncopal reaction were much less likely to return during a 4-year period than matched controls (26% vs. 62% return rate). This supports a return selection bias related to the blood donation experience.
The study showed that specific questions were far more effective in terms of obtaining AE information than open-ended questions. Specific questions improved results by more than twofold. In addition, there was significant variation among the interviewers in terms of results. This could perhaps be mollified by closer observation and emphasis on obtaining information for each specific question. This is an area that needs further study.
The postdonation interview is a far more sensitive tool for determining AEs than on-site observation and donor self-reports. Observation can only detect some of the AEs because bruising, fatigue, and arm soreness occur after the blood donation. Blood donors also do not report most findings and probably limit their reports to findings that are significant to their health or themselves. Table 5 shows that vasovagal reactions, hematomas, and sensory changes were underreported, and there are no reported studies in the literature for the incidence of bruise, fatigue, nausea and vomiting, and arm soreness after whole-blood donation.
The postdonation interview can be used to detect changes in AEs. This might be useful when the phlebotomy procedure is changed. Table 6 lists some examples for which a postdonation interview could be used to detect a potential change in AEs. The examples were classified into three types: procedural changes, equipment changes, and evaluation of the phlebotomy. As an example, two needles were evaluated relative to AEs. The collection staff felt that Needle A was better than Needle B because it was sharper, easier to set in the vein, and caused less pain. Although comfort might be better, we were unable to show any differences in AEs.
The interview approach allowed us to interact with the donor to better understand the findings. A limitation of the interview approach is that it selects blood donors that have access to a telephone during the day and are willing to participate. This might explain the higher percentage of women in the study (55%) in comparison to our donor pool, which is 45 percent women. A second limitation of the study was the small number of AfricanAmericans (n = 68) and first-time donors (n = 166), and this inhibited the amount of analysis that could be performed and the precision of some of our findings. A third limitation is that an even larger study would be needed to determine if low-incidence AEs such as hematoma and sensory changes are related to demographic factors. Finally, we were limited by what donors were willing to report. From a practical perspective, a significant effort was needed to interview 1000 blood donors. It is estimated that 100 hours of time was required to obtain the data, 10 hours to enter the data into a database, and 10 hours to evaluate the data. However, the authors believe that the effort and costs for the effort are well within the abilities and budget of most, if not all, blood centers.
In summary, a postdonation interview provided a comprehensive method for determining AEs in blood donors. It has the capability of measuring the effects of any changes made to the phlebotomy procedure, and it could potentially be used to improve donor comfort and donor safety. We found that postdonation AEs and complaints may be more common than previously thought. 
